In this supplementary, relationships among reversible tunneling energy levels and chemical potentials of reservoirs are examined. The principle of the second case ( Fig.   1c ) with c h µ µ < will also be analysed in detail. The reversible performance of the thermal electron-tunneling device that operates as a cooler will be computed. Finally, we will show that the system satisfies both the first and second laws of thermodynamics:
Supplementary information for thermal electron-tunneling devices as coolers and amplifiers
we will show that the system satisfies both the first and second laws of thermodynamics:
The reversible tunneling energy level
It has been proved that, if Fermi-Dirac probability distributions of two reservoirs intersect at the energy level of a tunnel, electron transports are guaranteed to be reversible. Based on this proof, we can design heat engines, pumps, or coolers by placing tunneling levels below or above hc
According to Eq. (S1), it is found that 2. The second case (Fig. 1c) hc h E µ − < . Hence, a negative thermal energy leaves the cold reservoir, and a negative thermal flux enters the hot reservoir. We observe that these two fluxes cross each other. Consequently, the former will gain energy; the latter will lose energy. The electron flux can be withdrawn to benefit the next subsystem, leading to the fact that this pair behaves as a heat engine.
with Eq. (S1), we will obtain c m µ µ < . Therefore, the pair of the cold reservoir and the median reservoir behaves as a heat pump. This hybrid model of the heat engine and the heat pump can be regarded as an amplifier or cooler.
Reversible performance of the amplifier
When the thermal electron-tunneling device works as an amplifier, the amplification ratio, ψ , is defined as
As 0 E ∆ → , we can obtain / m h q in a simplified form based on Eq. (2) as 
where symbols ± correspond to cases of subscripts m and h , respectively. Because the continuity equations of electron fluxes satisfy ( )
